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DES€RTPT!ON 

MASS SPECTROMETER 

ACKNOWLEDGMENTS 
ihts insenlii n v lUpp ittcd in part i finaiictai -S.-^^iisrai \\\ ^id hon. t!,e I :iucc 
Stat. Dcp<^ imentol foiuii^ciLc \(.KtiiKcd T(,chnolog\ Prouram Ccupeiai-ve X^rLvmt^ni 
't70\ANB5HiO29 The U S Government jnos h.'vc ughH in tii'^ 3n\on^ion 

CROSS-REFERENCE TO RELATED \Pl>LK ATIONS 

Tlh^ applicatinn .i umunuation ot I S '\pptKaniMi Sen il \'o 08/724 210 tils. J 
October 1, 1996. 

INTRODUCIION 

Mass spLi-tromctCi ■> jr <!* \t^c,- {or dctaitei ch;;mn ai .tiiah ol ^^mpu-- . nti 'jc 

i-n,ijijLui^ useJ it V njmhtiroi tifids int,itidjr)t; the buKhcmtcai md biOii.udio ji luren^K^ 
.mo cn>.!iiuti ^ Thy sample ma^. toi Cvuimpk k.t.nMiT f^i p'-ot<- pi-'i\aaii.!.a)de- 
cnrt^f h%L'!du , (hiopojvmejs) ti) -\u'hetK poKuiet' redded lu a mam ^ 'iwjthoui. mat- . 
!1k sjrapK i uv jKo mLUia„ invli or^auc anJ mvHi,dnii. rnokcuki. 

In a [>/pkai titbt o! fl3i?tn nuis ^p^l i, uk Uk lanjpli: i ot. ,i>!h>:d a i,[ n"u ed ioUu) 
con>, m/ntl\) t prodn.v. in initi. 1 j.ku k oi [on, liiL unu/a jrr is a^t niih^i cd n means oi 
a I 'f t) ^^i V iiLii 10 IV tO' t.\ampie i i-ei beaiit or an ion beam b ni au t \l a^uj .<nr 
til V piim and a.Ldetatt.d .n in f.>.:unc hJd i .mt dt-. t u^, thon p u nttud n dfj ' bi' a 
'hort um^ frouji 1 [i,;4ion ut txo f-J-^-irit field bob )r t icv '^tttke am >! dM^,),'!*! Hk nnie of 
till, u (jf diL Knu IS mcatuicd tuun the rne of thei- ion /.\Uon to ■'ha t nK 1 1 it &.<■ . -ifns: tba oi 
due^icn and th. . uiTouna.Sf i i- in„d to dtteimnv tl a uLnE.Ur 

\ttxr pissajt. thiobul IHv eLi,{nc Uuki ca.h iOn }unc^ < stlKi^ iUsCi'^eh 
p-oi^^otUDn i] to 'he square rout oj iIk latio ol the njdss oi the ion to the (.la >^ fic jun ti i ' 
tati< ) ! niL^t-!^ diat tnt tnii m ibshi pi puaiutal i ut>e s luii jout >t t ni ^ oi cacn 
ion ^\ i'3i..^uitnu ih^ unia i Ounn ot .^ai h ion the tnas to cn ulk r.iitr oi <,ai,h u i ean be 
detci'nint.(. \ nus spv.Ytiun)o th -.m L auncra't^ bt>ii t'u- ui'er s.t, ni dcUutw ions ^ 
tunction ol urne. 
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Mowever. ihe ions dt;?orbcd by ihc' ionizing he'dm may hnw. nasceiu kij^etic; energy Inim 
iiie desorpiion process itself, j'kcausc the initial vciocity of ;Hn ion atkcis its urne of llight, this 
nascent kinetic energy may ;idvers<;ly affect the accuracy, resotuiioti. and isnsitivity of the mass 
stpeciroineter. identical tons having different nascent ersergies will move at different veiocitics, 
5 md thus have different time of {light vaiues. This initial kinetic energy distribution of ions. 

which may be as high as 100 eleciron voits, degrades the accuracy, resolution, and .sensitivity of 
the mass spectrometer md is responsible for rciativeiy low mass resolution tn prior art lirne-of- 
ilight mass spectrometers, 

Metastabie decay is believed to be another cai^se ofiow ma,ss resoituion in mass 

10 ,';pectroiiiet.ers. Metastable ions may break up, and if this tVagmeatatiori occurs during 

acceleration in tiie electric field, the tVugments of the original ion will be accelerated to different 
velocities and have different limes of llight. This results in energy spreads which degrade the 
resolution of the titne-of-flight spectrum, and the fragraent,s can appeas- as incoherent noise in 
the baseline of iht mass spectuiru. Ilie problem of meta stability may worsen where the ,sampie 

15 ions are large, complex molecules, particularly if tliey are aLso fragile, such as polynucleotides. 
Fiirtherrnore, a significant number ol'r.eiural panicles are generated by the 
de.sorption/ionhajEion process. The.se neutral panicles are not accelerated by the electric fieid, 
and thus do not contribute to the analysis of the sample. Nonetheless, the neutral particles may 
gain considerable nascent kinetic energy Irom the desorption process whici-; is !:igi;ly directed 

20 normal to tiie ,saniple surface, ar.d travel ihrousjii the iime-of-fiight tube to bomlxard the ion 
detector, it is therefore desirable to reduce tiie neutrai panicle Ilux toward the ion detector in 
order to reduce noi.se and tncrca.'^e the life of -he ion detector. 

Accortlingly, there is a need for a mass spectro;neter with increased accuracy, resolution, 
and .sei^sitivity. The presettt invention provides for a novel apparatus which solves; the above- 

25 mentioned problems and others. 


SUM.VIARV ()r< THE INVF.NTION 

The invention provides a mass s|.!ecUofrieier having improved mass resolution, accuracy, 
sensitivity, jeduced cotnple.xity. iuwer cost, and greater ease of use. in an iliustrauve 
30 embodunem, an an-ay of samples is placed o;; an x-y iranslatioii stage in liie nutss spectrometer 
undenieaih the ion optics. Two nested i.>n oaraction electrodes are used, vhich create a two- 
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Stage acceicration rcgioH. The funnd-shaped first elecrmde is sisbstantialiy conical with an 
aperture: at iU; vertex ior passage of -fie ions of the sample, and oriemed with its vertex toward 
the sample. The st-cond electrode is lypicaily flubsianSialiy tubular, but may also be conical, 
witii a leading surface protruding inlo the interior voluji^e of the first electrode at the non-venex 
5 (base ) end of the tirai electrode. 

The ion -extraction elecirode^ sluould be nioimtcd m close proximity in order to make the 
acceleration region as short as possible. Houever, because they may be at different electrical 
potentials in operation, they should also be electrically isolated ilroin each other. Tlie electrodes 
of this invention may be provided with flat ntounting surfaces at tlieir peripheries, which may be 

iO accomplished by welding the electrodes U) moiin-ing plates having holes in tham fox the 

eiecirodes. The electrodes with their moutiting plates are then sujTOoned by rods made from 
alurmna or other suitable noneonduciive material. A vacuum is created inside the mass 
spectrometer, and this vacuum acts as a dielectric between the two electrodes. 

The first acceleration region is between the sample, which ideally has a quasi-planar 

15 surface, and the first electrode. The second acceleration region is between the ianer surface of 
the fust elecrrode ai id the leading surface of tlie second electrode, hi a preferred embodiment, a 
first power sottrce m.ay be used to apply a large DC bias \'oitage to both the ganiple and the firsl 
electrode, while a .second power source is capacitively coupled to the sample to provide a 
voltage puise. The secojid electrode is held at ground. As Vvill be described in fttrther detail, 

20 only two power supplies a.re used and need not be electricaily isolated from ground f "fioatcd"). 

The timc-of-tlight {lOF} tube may be placed at a slight angle to the ijiitiai (undefiected) 
path of the ions th.rough the ion optics, such that there is no line-of-siultt from the sample to the 
ion detector, fionzoatal deflecting plates are placed along the path of the tons m a post- 
acceleration region tree of aeceieratmg electric fields to detlect the ion beani path to follow the 

25 TOP tube. 

Also provided is an aligiitnent system for aligning the ion optics with the laser beam 
used for desorption.'ioaization. .A siriall tube is attached to the side of the T'OF tube at a slight 
ancle. The srnali tube has its axis along die liae-ot-sight through the ton optics to tlic .sample. 
The small tube has an alignment light placed such that it shine.s thro.igh the small tube, TOP 
30 tube, ihe iun optics, itnd through the aperture in the conical first electrode to protect a disc of 
light onto the sample. The iasitig apparaitis, vviuch typically includes an adjustable steering 
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mirror, may be adjusted to bring the laser beam into alignment by ecnterjag ihc laser beam 
witiiin ihc disc of iight on liie sampie under the ion opiics. 

In operaiion, the first power source typicaliy supplies a DC bias to boih the sampie stage 
and ihc tirsi electrode whiic the sticond eieotrode is. held at ground. A laser beam is used to 
5 desorb and ionize the sample. After a predetermined delay after tlie laser beam strikes the 

yample, a high voitage puise is capacitively coupled \o the sample on top of the DC bias. In an 
aitemsfive em}M>dimen;, the high vohage pube could be applied to the first electrode rather than 
the sampie. 

The ions are accelerated by the eleclrsc f.ckh created by tlie nested ion extractioit 
10 eiectrodesj and passed Lhrough an Eirizel lens to foeuH the ions, A deflecting vohage is applied 
to the horizontal deflecting piates, and the resulting electric field deflects the ions to follow the 
angied f (.)!-" tube, fhis electric field does not deflect the neutral particle flux to tile ion detector, 
and dius the ion detector is relatively protected from treutral blast. The ions are allowed to drift 
in a zero electric Ilc'd region along the tirsie- of- flight tube antil they reach an ion detector, which 
15 detects the impact ol the iotis. The ma to -charge (m/y.) ratios of tl-e ions are caiculated from 
their tinjes of tlight. 

'The invention fmds particular apphcation in, btr- i^ not iimilcd to, vmie-of-flight ma.ss 
,spectrotncter3 using matrix-assisted laser desorpdoa'ionizatton. Foi' example, ioruzaiion may 
also he accompiisbed by another ioitizer which uses electrons or ions impacti-va iiie surface, 

20 clectrospray ionii^atioii, or piioioioniziUion or electron impact ionization aha\ e: the surface. 
A pritnary advantjige of tht.; inventio;-! i.^ ihal the nias,s resokition ol'uie masy 
,spectronteter jh improved, diic to trtinimization of the effect of nascent kinetic energy, ajtd 
higher total acceleration over a shorter titne interval (siiorter distance) which mirjimi/es the 
effect oi' metasfabie decay . 

25 Ariother advantage of the invention is that only two power supplies are needed for ion 

acceleration, and the puLsirig voltage .supply docs not need to be tlorsted. whicii is oi' paiticuiar 
advantage wiieo usmg the extremely hieh voltages required in this application. Nor is it 
necessary to generate a very lara:e voltage pulse corresponding to the absoh.ite voltage attained 
for ion acceleration. The complexity and ct.>st of the apparatus ate thus sik'.nificandv reduced. 
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reduced r~ uIuul' n Juxsce 'aLkj^'^unJ no hi jito\ j>Kc->i-hitton < nd inuv^ '^t^-a x^t, ivf. litji.f 
the dejector. 

^ et ant>t -ser advantage of the instintion lo umt the lasLr beam or other join/er u^ed iui 
5 lonbaiuin mas be r^pidK fnd eas3!;> ahi.'ned vssih the <ip-.'ituio of the io i optK^. rcducmt^ the 
downui-ne requited for ahgnmeul ana i-imphtvini: iht, pmcess 

A fuit icr ad^anul^'e ot the invcntior is that the iack ut cxp(>si.'J Mirtxe aar nimiul to 
fhi.- joii tluN tioHi the sa ii{ le and leduccd surKi<.L area icsultjn,; fruin the ennicai ^hap2 the 
lu=n t-ieetinde .educes di posuuni fiom depnrhcd mateii d, and fai^ihiates enfv rtfthe loni/inj 
10 sotirce (la--e' beam* at a nongiaiiCfntr angie oi mi,)denee {i t greatfi than 2'"') uitli !e->pc-ci tc 
the surface of the sample . 

These advantages and further details of the present invention will become apparent to 
one skilled in the nn from the tbllowing detailed description and aecotnpanyiiig drawings. 

i 5 BRIEF DESCRIPTiON OF THE 1>RA WINGS 

In the accompanying drawings: 

FKJ. lA is a from view of amass ypectromiuer in aecordanee with the invention; 
FIG. IB is a side view of the mass spectrometer of FIG, lA; 

FKj. K^. is it magnified eui-away view of a jX)rtioi^ of the mass .spectrometer of FiO IB: 
20 FIG. 2A is a bottom view, tirom the perspective of the sampie, of the ion optics in 

accorciance with the invenison: 

FIG. 2B is a bottom view, from the perspective of tlie sample, oi an alternative 
embodiment of the ion optics; 

FIG. 3 A Ls a sectional vievv along fine 3a- .^a of the ion optics in aecordanee with the 
25 invention; 

FIG. 3B is a sectional view along line 3b-3b of the aliernaiive emhodtment of the ion 

optics; 

FIG, 4 is a sciiematk- oTa priui art elcclncai circuit; 

FIG, 5 is a ;-,chematic of an clecirical circuit in aceordatice widi the invention; 
30 FIG. 6 is a schemaiic ot" another electrical circuit in accordance with the.' invention; 

FIG. 7 is a ;;chemaLie of a i\irther eiectrica] circuit in accordance wsth the inveniion; and 
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FIG. SA and f'lG. SB art- gr:jjyn:; indlcatisig s;ajiipic^ puiscs wliich in:.}- bt- u;;cd in 
accordaisce vviih the invenuon. 

OESCRiPTlON OF SPECIFIC EMBODIMENTS 

A time-of- flight iJO?) mass spectrometer in accordance with the inveniion is shov/n in 
FIG. lA, FIG. I B, an.d FIG. 10. As will be apparent from the description beiow, the masK 
spectrometer 10 has several features which irjcrease its resoUitioa, reduce coat, and improve its 
ea.se of use. For purposes of exernph ft cation and not hmitation, the invention vvili be tlcscribed 
with referciice to its appSication in Matrix- .^V.ssisted La^er Desorpiion and iorazaiion (MALDI). 
akliough ii may be used in eoaj unction with other mass spectrometer techniques. 

Ihe TOF mass spectrometer 10 comprises a mam chamber 1 5, a TOF tube 12. a iasing 
apparatus IJJ, an x-y transiatior) .stage J 4. ion optics 20, divd an km deieelor 1*> placed in the top 
portion of the TOF Lu}>e il. Main chami>er U and TOF tube 12 form a vacuum chamber, which 
is pumped l\y various means to about 5.0" to lO'"' torr, preferably from about 10'' to 10"'' torr. 
The sample 16 being analyzed, along with osber samples 17, is supported on a sample holder 15 
which is eieelricaily i.solaicd from the x-y transladon stage 14 by ceramic standoffs 13. For 
illusiration purposes, the sizes of the samples f 6 and .17 have been exaggerated in FIG. 1 A and 
FIG. iC though they would ordinarily be too small to be seen at this scale. 

The lasing apparauis. which preferably ineiiKles a tVsquency-tripled or frequeiicy- 
quadrupled Nd:YAG laser producing sub-20 n? pulses a'. }5S nm or 266 nm with at iefjst a few 
hundred rruerojotiies cif energy per pulse, is opei-ated U) pri.iduee a laser beam which desorbs and 
ionizes pan of the sample 16, A steering mirror {not shown ) directs the light lin-ough a wiiidow 
on a vacuum flange 8 toward the sample 16, 

Ions are extjacled fioin the ion plunse created by die laser beam, and the ions are focused 
and accelerated through the TOF lube 12 to strike 'Jie ion detector 19. which senses their 
presence and produces a Signal correspond iny to the mass spectrum of the sample 16 The 'fOr 
tube 12 is placed ai aji angle to the initial, undeflecied padi of the ions. The aneuiatii -n of the 
'TOF tube 12 may range from 3 to 10 degrees frotri the path of the ions tlirouah the ion oj.it.ics. 
and is preferably 4 " or ■iyptcaliy, the sarnfijc 16 iy placed with iis surface orthogonal to the 
a.^is of the ion optics, and thus, the angulation oi the ! ()F tube 12 is preferably 4^' or trom the 
line iKTpendicuiar ro the .sample 16. 
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ELi::>1ENTS()rTHi- AfFARATUS 

I. Ion Optics 

5 Details of the ion optics 20, particularly the fiinnd -shaped first electrods 22 aiid the 

cyiindricai second ekxlrode 32, may be seen by reference to ¥IG. 2A, FIG. 2B, FIG, .sA, and 
FIG. 3B, In the preferred embodiment, the tlrsi electrode 22 has a conical shape with a 4 nun 
apejtiire 24 at its venex, ntid is mounied at a proximai end 26 of ihe ion optics ciosest to the 
sanipk 16 on the siiniple holder 15. The conica] first electrode 22 is provided with a mounting 

10 flange 28 at its peripiiery, which may be accomplished by welding or otherwise aftlxioR the 

conical electrode 22 )o n nioDnting plate having a circular opening for the cone. The mountiiic 
flange 28 is secured to tour supporting rods 30, wiiich are made from an insulating materia!, 
typically a ceramic such as alumina or glass. I fie conical electrode 22 is oriented with its 
aperture 24 closest to the sample 16, ai a distance of approximately 5 mm, and is typically made 

i S from a metal such as stainless steel. The distance between the aperture 24 and the sample 16 
may range front 3 mm to 7 mm, and is influenced by two con.si derations: 1) it is desirable to 
acccderate the ions over as small an interval as po^^-iibie. to reduce the possibility of raetastable 
decay of ions under acceleration; and 2) a smaiier gap increases the iikeilhood of arcing, 
particularly at the high voltages present in this apparatus. 

20 The secoud electrode 32 iy cvlindricaHy shaped, and iike the first electrode 22, Itas a 

mounting flange 34. The mounting i'lange 34 of the seeono electrode 32 is .secured to the foiir 
stjpporting rods 30 at a minimum, distance of approximately 0.35" (appro.Kimavelv s> mm) irorn 
the first electrode mouruing ilarige 28. The second electrode 32 is placed with its proximal end 
36 oriented toward the stinipk i6 and protntding into the interior volume 38 of the first 

25 electrode 22 such that the distance from the proximal end 36 oi'the second electrode 32 to ihi 
aperture 24 oldhe first electrode 22 is approximately 5 mm. This distaticc may range frot^i ?. 
mm to 7 mrn, and is subject to the same considerations as the distance between the aperture 24 
and the sample 16. 

The .second electrode 32 may be conical or anothei shape. Preferably, the secorid 
30 electrode 32 is conflg-.ired such that no part ol die second electrode 32 is close! to ttic first 
electrode 22 thati tlie pri.*xinia: end 36 of ihe second electrode. 
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U is preferable Lo smootii the edges of liie second eiecn-fxie 32 to reduce tbs possibility of 
arciiig between the first and sfcorid electrodes 22 and 32, and also -o ^rnooih tlie edges of ihe 
Hrsl electr^xie 22 to reduce arcing bc{v,'een the first electrode 22 and the sample 16. As may be 
seen from the figure, placemeni of the niouiiting ilange 34 at the distai etid of tlie second 
electrode 32 maximizes ;,he disLaEie« between this mounting tlange 34 mi the first electrode 
niouniing flange 28. 

In an alternative embodiment, as iUustrated in FIG. 2B and FIG. 3B. the ilrsi electrode 
22, the Ein^el tens 40, and deflector plates 46 and 48 may be ntounted on one set of supporting 
rods 30 while the second electrode 32 and other elements m the ion optics 20 arc iiiounied on a 
difto-ent set of snpport rods 31 as shown in FiG. 2B and FICi. 3IJ, This conilgnraiion fxjrther 
reduces the pt>ssibility of arcing, 

lo reduce tite possibility of arcing still funher. particuiariy when liiglter vohttges and 
extraction fieids are being nsed. a liiree-stage acceleration region may be created by means of a 
third nested electrode placed distal to the second etectrode 32. The third electrode may have a 
tubular, conical, or other shape. Preferably, the third electrode is conftgured such that no pan of 
the thh-d electrode is closer Jo the second elecuode 32 than the proxhmal end ofthe third 
etectrode. This configuration has the advantage of reducittg the change in poicnttal per pair of 
electrodes, it will be apparent to one of ordinary .skill m the art that This conllguration is 
scaieable to tour or more aceeleraiion regions. 

Referring to FKI 3 A, placed distal to the second electrode 32 is an Emzci lens 40 for 
focusing the :on finx, and grounded elcnients 42 anci 44. A.^ with the two ion extraction 
electrodes 22 and 32, these eienicnis 42 and 44 are mounted to the supporting rods 30, }-i!iaily. 
deflector plates 46 and 48 arc located distal to the grounded elements 42 and 44. Appltcation of 
voltage to these plates, tvpicallv between 0 atid 3 kV. causes the ion ilus to be deflected. 

As has been described above, the two ion extraction electrodes 22 and 32 are nested and 
in close proximity lo each other, l^iacing the sample \h and sample holder 15, and the two 
electrodes 22 and 32 at different potentials creates a two-stage acceleration regioti. As described 
above, the x-y irattslation stage .5 4 is electrically isolated front the sample holder 15 bs' cerantic 
standoffs 13. Tiie tirat acceieration region is between the .sample 10. which ideally ha« a quasi- 
pi anar suriace, and the tirst electrode 22. Tiie second acceleration region is between the aperture 
24 ofthe first electrode 22 and the leading surface 33 ofthe second electrode 32. 
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In opyratsoii. the tiainple 16 und '.he first electro Je 22 urc dnvcn by a DC bias \oi!ai/e 01 
l;S kV. v.-hile Jiie second ekxtrode 32 Is hcid at <n(AmQ. T\k DC bias voltage iiuiy umQC from 10 
kV to 30 kV. The iasiiig ijppajatus 18 deUvers an ionizing pulse 10 ihe sample ,I(> to detiorb aiid 
ionize it. An ion plume deveioyx<, and after a short delay after the ionizing pulse, a voltage puke 
5 of j 0 kV Ls applied to the sample 16, causing the sampie 16, fusl dectrode 22. and second 
electrode 32 to be ;u different potentials. Tlie delay nutges from 50 ns to iOOO ns, end is 
typically chosen according to the principal mass range !;->f interest. The vohage piiUe may range 
from .> kV to 30 kV. When the vohage pulse is applied, the tola! potential difference iioin the 
.sample 16 to the second electrode 32 i;; then 28 kV. Thi-KS, a two-stage acceleration region is 

10 ereated. and the ions arc accelerated to a speed determined by their mass-to-eharge ratio. It will 
be l eadily apparent to one skilled in the art that variatiotis of die preferred embodiments 
disciosed herein are within the .scope of the present invention. 

This puf'?ed delayed jon extractton compensates for the nascent kinetic energy ot the 
de.sorbed ions. A detailed description of pulsed delayed ioti extraction (also called "t-me lag 

15 energy Focusing'') may be gieaned by reference to Wiley and McLaren (1 9.5.5"), hereb}' 
incorporated by reference. 

it is desirable to accelerate the ions as quickly as possible, particularly for mass 
spectrometry analy.sjs of large molecules with high mass-to-cliargc ratio.s. This rs due to 
metastability of the iarge lomzcd moiecules of the sample 16 if the meiasuibk ium fragment 

20 during acceici-ation in the electric field regions of the ion optica,, they are accelerated to different 
speeds and thus have diffcrerit flight times which are t>ftcn not corisi stent witb, the characteristics 
of the fragments themstivcs. The fragmented ions generally appear a.s iiieoherent noi.se in the 
mass spettrnrn's ijaseUne or as broadened peaks, thereby degrading the resolution and sen.sitiv5ty 
of the tim.e-of-flight spectrum. However, if any mctastabk ions sirj-vive long enougit to be 

25 accelerated out of" the acceleration regioir, they will appear at the same Hight time a.s stable ion.s 
even if the metastabie ions fragment in the zero electric field region. 

To mitigate the effects f..f tnetastabihty. the electric field must be as strong as possible. 
This requires placing a large p^jtertita! across a small distajtce, 1 iowever, for sulTtcienlly lar^ie 
voltages and small distances, arcing may occur. These conflicting parameters are balanced bv 

30 the ytruettires disclosed abfive. Thi: small distance between the tirst electrode 22 and second 
electrodes 32 near iis leading surface 3? minitrnzcs the lengdi of the second sfagt of tlie two- 
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siage acceleration region and thus increases electric field strength in this second acceleration 
region. Thus, higher acceleration of ions over a shorter distance is achieved. At the same time, 
the distance between the second electrode 32 and the first electrode 22 is maximized at other 
areas. 'This is particidariy injporiant at their rcHpective mounting fsatiges 28 and 34 because 
5 alumina is a poorer dielectric than the vacuum that exists (since the ion optics 20 are in a 

vacuum chamber) in the second acceleration region between the first and second electrodes 22 
ai3d 32. 

The use of fi coiiieai first electrode 22 ;md cyiindneai second electrode 32 achieves iht 
goal? of maximizing acceleration over a short gap and avoiding voltage breakdown (arcing), it 

10 will be appEircnt lo one skilled in the art, however, that other conngisfaiions may be used, in 

which the distaiice between the first and second electrodes at tiieir proxitnai ends Is minimized 
relative to any other distance between, the first and second electrodes. For example, a .second 
conical electrode may be nested within the first conical electrode, wherein tiie .second conical 
electtode is more sieept y sloped (htisj a smaller angle at its vertex) than the fir<;i. 

1 5 Ij-se of a conical first electrode 22 facilitates tiesting of the electrodes to minimize the 

length of the second acceleration region relative to the distance between the mounted end of the 
electrodes. In addition, the conical shape of the first electrode 22 allows the laser light from the 
iasing apparatus 18 to impinge on the sample 16 while causing the angle of incidence to be 
reiativeiy cUxse to normal lo the suriace of the sanipie ifi. hi the preferred embodimein. the 

20 angle of incidence of the laser beam is 45 to 50 degrees frotn iKinnai incidence to the satnple 16. 
.Alternatively, the ia,ser beam may be passed collinear with the alignment light beam down titc 
ahgmnent tube 90 with the tise of an optical beam .splitter foot siiown). 

The conical shape of the iirst electrode 22, with no exposed surraccs square to the ion 
tlu.x from the sample 16. presents a relativtiy reduced cross-sectional area to the sample 16. thus 

25 reducing the rate of material di.n:>03!tion (from the desoibed saniple 16) on tlie surfaee of the 
electrode 22. FinallA% the eapacmmee between the first electrode 22 and the sample 16 is 
reduced, resulting in improved pulse shape and amplitude, thereby improving mass vesouition. 


2. Electricai Circuits and Power Sources 

As described above, operation of this apparatus requires very liigh voltages. Typical 
pulse voltages range from 3 kV lo 30 kV with rise times below 100 ns and preferably below 50 
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ab. In the preferred embodimcDU the pulse voltog« is 10 kV, vvUh a rise time of approximately 
50 n;;. 4 is a sc]ietn;i!iL^ of a typic;-;] prior art elecirica! circuit for delivering high voltage 
pulses. 

As iihown in FIG. 4. u constant, high voltage ol~ for example, 20 to 30 k V\ is applied to 
the ion .source ( whicii is the .sample 16, in the preferred embodimerjt) from a constant high 
voltage power .supply 60 connected to the sample jioider 15. When ihe switch 52 is closed, the 
additioiia! voltage of the pulsing supply 50 i^; added to the constant high voltage. This design 
requires a bulky high voltage iR>!aiion transformer tnot shown) for fne pulsing supply SO. and 
fhe switch 52 floats (is eleciricaHy i.solated) at approximately 30 kV above ground, requiring 
special eiecirical isolation lor iriggeriny each pulse. 

l?:xiimples of electrical circuits are given in Vestal ei al. (1 995) and Brown aiid Lennon, 
(1995 1. The Vestal apparams requires three power supplies, and though none of them must be 
iloated, the switch must tloat at up to 30 kV. The Brown apparatus uses only two power 
.supplies, but one of them must be lioated. requiring isolation described above. Both the 
Vestal apparatus and the Broxvn apparatus are more costly to implement, and require more 
space. 

The present invention provides significant advantages over the prior art. in accordance 
with tiie invention, FIG. 5 iUustratcs an eiectrical circuit for delivering high voitage pulses for 
pulsed deiayed ion extracliu!i. Only ivvo power supplies are required, and electrical i.sotation 
from vjoimd i5 not necessary, in the simple form shown m VIG. 5. the pulse power supply 62 is 
coupled to the source through a cap.:iciti>r (,4, A consiani high vohage power supply 60 delivers 
a consiaiit 20 kV to 30 kV DC bias to the source. 

Closing the switch which is prelerabiy a Behlke high voltage iiwiich but can be any 
high voltage sv/itch capable of switching the voltages present in the invention, causes the 
volfaee from the pulse power supply 62 to be placed across the bias (or ''pLfil-down'.) resistor 68, 
and coupied through the coupling capacitor 64 to the source, where it in superimposed on the 
high voltage supplied by the cr-nstaEit ingh voitage power supply 60. 

When the switch 66 is opetied, the bias resistor 68 brings the nutse power supply side of 
the couphng capacitor 64 back to ground, with at5 RC time cons-ant determined by the 
capacitaitco of the coupling eapacUi-r 64 and the resistance of the bias resistor 6X, The puise 
power supply 62 is at ground reierence. and ttie switch 66 can accep; voltage ilifterences of 8 kV 
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10 30 k\\ which is commercially ieasible. The high voltage supply isolaiion resistor 70 
eilectively isolates Jlic high voltage power supply from the voltage pulse. Alternatively, a high- 
speed, iiigb-voitaae diode could be substituis-d for the isolation resistor 70 

Another embodiment of the elecfricaj circuit in accordance vviih the invention is shown 
in FICf 6 A. shunt diode 72 is placed across the bias resistor 68, and an energy storage eapaciior 
74 is placed across the puiye power supply 62. l ite addition of the shunt diode 72 protects the 
switch 66 against reverse voltages id the evtint of a .short to ground in the source, while tlie 
energy storage capacitor 7-4 permits longer ON times (> lOus) for each pulse with little voltage 
droop. Further, in this figure, the .soHd state switch 66 is sltowri with a TTL (transistor-io- 
transistor logic) input. 

riG 7 iilusiraies a fiirthei- embodiment of the etectrica! circuit in aceordance with ti'ie 
invention An energy storage capacitor 74 i^ chai-ged l.iy the pulse p(.iwcr supply 62 throtigh the 
ptjise power supply isoiation resistor 76. while the coupling capacitor 64 transfers the vohage 
pulse to the high voltage bias on the ion source. .'\ matching resistor IH is placed between the 
coupling capacitor 64 and the ion .source, and load resistors 80 and 82 are placed inline with the 
TTL-conrroiled switcli 66 Zener diodes H4 and 86 arc placed across the switch 66 and between 
the load side of the switch 66 and ground. The constant high voltage pow^^r Nuppiy isolation 
resistor 70 cfiectively isolates the vohage pulse from tfie eonsiaut liigh voltage supply 60, The 
two load resistors SO and 82 limit tiie uutrent throtigh thu switch 66 to a value below its peak 
current ratisig, while the matching resistor 78 is chosen to uunirnize rtiiging or overshoot. The 
pulse power supply isolation resistor 76 is eiiosen to contruj rcchargmg of the energy siorase 
cap.aciioi 74 between puises without overloading the pulse puwer supply 62. Finally, the 
" Trartsorb" voltage protection diodes 84 and 86 protect the switch 66 against any trausieius 
resulting from a short in the ion source. 

In the embodirneiit of FIG, 7, when a control pulse closes the switch 66, tht^ voltage 
acro.s.s tlie energy storage capacitor 74 is added to the pui.se power supply side of the eoupling 
capacitor 64 through tire load resistors 8<.» and 82. When the switch 66 opens, the pulse power 
:;uppl> side of the coupling capacitor 64 is brought back to ground i.>y the bias resistor 6S. 

In the preferred etnbodiiTient. the const;mi high voitage po^vc!- supply 60 produces IS 
kV, but may alst! produce 10 kV to }{) kV. The. capacitance f(f the coupling capacitor 64 is '.■O to 
.50 times the source capacitance, and is 470 pF with a rating of 40 kV. The capacitance of the 
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energy storage capacitor 74 is preferably 20 limes the capaciimcc of the coupling capacitor 64, 
and is 0.2 j-iF with a voltage rating greater than that of the pulse power supply 62, The bias 
rtsisior 68, at 100 kX'i. ciioseti to be large enough not to impose a sigoiiicaij! loud on tlie 
energy morage capacitor 74, but snmi) enough to discharge the t;oapiing capacitor 64 in Itas ihmi 
5i) us. The constant higi- voltage power i:upply isolation resistor 70 is 1 to ] 0 Mil, while the 
pulse power snppiy isolation resistor 76 is 100 kO. The matching resistor 7S i.s 20 to 200 Q, 
while the voltage protection diodes 84 and 86 are 7,900 V tratisierit suppression diodes thaU in 
conjunction with the load reyisior 82 arid the shunt diode 72, serve to protect the switch 66 from 
reverse voltages in the event of a short to ground in the ion source. The .shunt diode 72 is 
selected tor fast turn-on. The iijaJ resisioni 80 and S2 are 240 Q and 47 Q, respectively, to limit 
tiie peak current tltrough the switch 66. The switch 66 can be any commercial hijih voltage 
switch that can handle at icasT 8 kV and has a switching lime yf around 20 ns. hi this 
ernbodiment. the .switch 66 is a Behlke HTS g}. 

By changing the capacitance of the coupling capacitor 64 or ihc resistance of the bias 
resistor 68. the shape of the piitse may be alfered, Examples (m"" possible puise shapes are given 
in r-lG. 8 A and FIG. 88. 


3. TOF Tube ami Alignment Sy.stem 

The process of desc-rbiiig and ionizing moieeules of the .sample j6 resuhs in the 
20 production of neutral atonts and moJecuies, either frotri the dcsorptioi'i pnxcss or irorn 
netitraltzatiofi til" ions in close proxii-nnv to the sample 'T'hesf neutral particles arc not 
accelerated by the electric fields in tiie mass spectrometer U) and thus do not provide useful data 
lor the TO!' spectral analysis. On the other hand, the neutral particles increase background 
noise and reduce the usef ul lite of the ion deteetor. U is therefore desirable to reduce the neutral 
25 particle ilux ( also referred to as "neuirai blast" ) toward the ion detector 

Relerriitg lo MG. 1 A, Fit}. IB. and fiCi. l(\ the TOF tube 12 i^ placed at anangie to the 
initial patii ot fite ions e:<i{ing the ioti optics 20, so that there is no direct path from the sanipic 
1.6 ti.i the f(.>n detector, in the prcierred etnbodimem, die TOF tube 1.2 is nngled at 4" or ^ from 
the path of the ion beam through the ion optica 2<f altliougli a range of T- to 10*^ mav be used. 
30 As shown in FIG. 3. deflecting plates 46 and 48 are placed alon.g the path oi the beani. When 
voltage is applied to the deflecting plates 46 and 48, they generate ar^ eicerric field which 
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deflecis the ion beam to follow the angled TOf- tube 12, The neutral particle flux, however, is 
not deflected by the deflecting fls^ld arid as, a resuU. the ion detector is reiativeiy protected fi-oni 
the neutral blas;t. The ion beam path may be offycl from the axi^ ol" the TOi- tube 12. 

In an altemaiive embodiment, the TOI- tube 12 may be placed with its axis parallel to. 
5 but not coilioear with, the path of ihe iorus exiting the ioi^ optics 20, so thai there no direct 
path from the sample 16 to the ion detector. .Additional deflcctmg plates, similar to deflecting 
plates 46 and 48, may be used to guide the ion flnx aloi-g tht: TOF lube 12, Thtis, one set of 
deflecting plates would defiect the ion beam along a path at m angle to the initial path of the 
ions, and the other yet of deflecting plates would deflect dctlected ion beam alonk; a path 

1 0 parallel to, but offtet from, the initial path, of the ton.s. 

■fhe apparatus further inelude,s an alignment system for ahgning the ion optics 20 with 
the laser beam used for dcyorptiotidonization, A small ahgtmient t\ihe 90 1? attached to tlie TOF 
tube 12 with it.s axi.s along the path of the ion betun through the ion optics 20. ,'^Vn, alignment 
light 92 is placed such that it shines down the tube 90 and through the aperture 24 in the conical 

15 first electrode 22 to project a 4 mm disc of light onto the sample 1.6. In the fircfened 
embodiment, the alignment light 92 prodi-ices incoherent visible light, and may be an 
incandescent light. The preferred alignment light 92 is ct tungsten bulb with a projection let^s 
from a commercial uticroscope illuminator, n^.ade by 1-eica. The la.sing apparatus IS. which 
typically includes an adjustfjbifc steering mirror, is adjusted to bring the laser beam into 

20 aligmnent within the center of tite disc of light. A fluorescent material such as a .MALD! 

matrix, will Huorc^ce when an ulinivioici la.ser hean-i in-ij-nnges on the sample 16. et)abling the 
operaioi to cctMor the laser bemn within the light, circle using tlte steering mirror. Alternatively, 
a sighdng apparatus using vi.sible light may be tised to indicate the aiming of the la^er or other 
ionizing bcatn, 

2.5 .All publication,s and patent applications mentioned in this speeitication are herein 

incorporated by reference to the sanje t;xtent as if each iridi vidua! publication or patent 
appiieation was specillcaHy and individually iniiicated to be iitcorporated by retl-rence. 

The invetnion now being fully described, it will be apparent to tine of ordinary/ skill in 
the ai1 that many changes and modtilcatiorus can be made thcretr) witiiout departing ixom the 

30 spirit or scope of the a.ppe];uied claims. 
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eir^Hti luiit^ If 1'. anticip ited thit aitCI.>tK5n^ ^nd n ct tKatJon.-, to this tmc uk-t o \]\ t di. u1<' 
bctcmt 4^paicnt •< Ujtvvc skilled mi tit- .i Tpi ^Naiup e the ^uiteii m Jr. j uUj .icvincjt! 
ciiLUit !Ki) be giound jekrencea and usLd m conjunction wiih <i ncgat:\c \ 'fusie tmm ihc pui^e 
power >>upp]\ \dditK)nAli>, aithougb. Uie in'-.crnkin nas been i^e'vcnbcd for use m^u ijn Khon 
wih Idat-r dcsorpisan and )onjAUion oihfi uwlnod^ uj desorption .md loni^uiion mav ased, 
su<.a as elcetron jmpaet lomAUsor, or an ion !|L3n It thertfofc mietidcd th it the tolSowing 
damr. be jnlerp^-etcd a\ co\cnng all '^uch altehiiion^ .md tnud!ikat!o«-> as u!l wtthm tlit^ true 
spirn and scope of the inve!itK»rL 
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CLAIMS 

1. A m.^<;s spoLi) >nnt.'or lor afuihving a sample, comprising 

I U) St ficcTi 1 Jo which lu^ a iunntl Hiapc, anJ 
hi a second elctlroJc, havmy d subs^amudh tubular shaoc, pidced adidcont to the 
tusl .^Lctrodc and arranged in t oniu -n-tion wilh the tlrM ciecirnd^- ^ixti ihd a 
Oi'W ol ions of die sample miy p.ii>s- thmugh the fu^t aj^d second tlectiode.s 

2. The mass spectrometer ofcjaim 1, wherein the first electrode is located between 2 and 7 
imii from liie .second electrode. 

3. The mass spectrometer of claim wherein tiie f;rsi electrode iy iucaieu approxiniateiy .5 
mm frtmn the second eiecirode. 


4 'i he mas--' spectruniviei ol claim ! , (uitiici tonani'-iiU', a lina--o{-fi!C!; luhc 

IS 

5 The masy ^pecin >mc>tci ot clmn 4, luitb.t LoniTtn-ana a first ijlecirucc o'lppoti an.: a 
-lecorui eieciroae sappon t -ic t1rst elfc^iodc t>c il; nnMmtod to the ibst electioJu --uppMii and the 
second ekctiodc bcuK moimicd to the t;jci,nd elccttooe suppon 

20 f( I he nid'-s ^pc^^tninK'te) ot cLum 4 \>.hcu'ni the ( oi d ei( ciioJe puH'-ujes uuo 'lu 
intLHo" \oiu!ne o. ihj iw-: ekctrode 

7 1 he mass spcctiometet of claim o wix-iem an .-nd oi the i '-cerd elccuo ie yn 'irudc:: iino 
a wide opening of ihe first electrode, 

25 

8. The mass spectrometer of claim 7, wherein an axis of the first electrode is aligned with 
an axis of the second eiecirode. 


9, The mjiruS ^lijecTrometer of ehiim vvi-crein the tinie-of-ilighi tube has an a.\!;-; divergent 
30 from the fln\v oi sons through the first and second electrodes. 
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10, The mass spectrometer of ciaira 9, wherein the axis of the time-of-flight lube defines an 
acuis angk svith the ;v<ts of" the -joeorjd electrode. 

5 IL The mass spectrometer of claim 1 0, wherein the time-of-flight tube defines an angle 

between and 1 0'"" with tiie axis of the secoad decirodc. 

12. The mass spectrometer of claim i i. , wherein the time-of-Ilighi tube deiloes m-. aiigle of 
approximately 5* with the axis of the second electrode. 

10 

13, The mass speciromeier of claim 8, wherein the lime-of-flight tisbc has a longitisditial ax i.<. 
de.fi.mng a dcilected path with an acme angle between tieflecied palh and ilie How of ion:-; 
through the first a?\d second electrodes, 

15 14. The mass spectronictcr of claim L), further comprising, a deflector configured to deilect 
the .flow of tons along the deflected patii. 

15. The mass .spectrometer of ciaim 14. iurthcr comprising a ilrst in.sulatiGg member and a 
<;econd iusuiating niemher, die iirsi ejei.arode being mo^inted to the ilrsT. iusuiating raember atxl 

20 the second electrode bein;.^ mounted to uhe second inyuiating niember. 

1 6. The rna.ss .specu ometer of claim 1 -^1 . furtiier comprising an ionizer configured lo produce 
ions of the sample. 

25 17 Thi mass spcclronteier of cjaiu") 1 6, wherein the ionizer is a la.ser. 

1 8. A mass speetrome'cr eonfigured to analy/e a satnpie, comprising: 

a) an loni/er cr.snf; cured to pf0dui.'C ior.s of the satnplei 

b) a first electrode having a conical shape; 

30 c) a second electrode, placed with a proximal end protruding into an interior volume 

of the firss electrode, shaped t>uch that a dist;mee between the proximal end of 
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tne second electrode and the flrsi eic-ctrode i^; snuuicr thaii a dj.st.ance between 
any other pan of the stcond ciecirode :snd the first electrode, 

19. I he mass spectrometer ot\:Iaim 18, wheixin ihe distance beiween the proximal end of 
the second electrode and the first electrode is between 2 and 7 ram. 

20. The mass spectrometer of ckim 19, v%. herein the distance between the proximal end of 
the second electrode and the ilrst electrode is approxtniiuely 5 nun. 

2 1 . The mass speeirotiieier of ciairn 1 8, wherein the first and second eiccirodes are 
contigtrred to define a path along which the ions may flow. 

22. The mass spectron^seier of eUtim 2 1 , wherein an end of the second elet^trode protnidey 
into an apertui^e at a base of t!te tirst electrode. 

23. The niass spectrometer of claim 22. wherebi the second electrode is ;i;iially aligiied with 
the first electrode. 

24. T'he ma:>s •jpeciiometer of claim 23. whereir: the I'irst and second eieetrodes are spaced 
ap:irt by different insulating members. 

25. The mass spectrometer of claim 23, wherein the first and second electrodes are spaced 
apart by at least one electrically itisulaling member. 

26. The mass spectrometer of claim 25, further comprising a time-of-night tube. 

27. The mass spectrnmeter of claim 26, wherein the time-of-flighi tube has a longitudinal 
axis definntg a detlected path with, an acute aitgle between the deflected path and the path of the 
flow of Ions throiigh the ftrst and second electrodes. 
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28. The mass spectrometer of claim 27. further comprising a deflector configured lo deflect 
the flow of ions along the deOecxed path. 

29. The mass apeclro.'rju'ifr of claim 28, wherein the second electrode has a conicai shape. 

30. The mass .spoctromeier of chnn) 27, further comprising an ahgnment ,sy.s{ern configured 
to facilitate alignment of the first electrode with an ioni;'.ing beam produced by the ionizer. 

31. The mas,s spectrometer of claitn 30, wherein the alignment system includes an aligning 
10 tube haviiig a longitudinai axis along the path of tlie flow of ions through the fu'sf and second 

electrodes. 


32. The mas.s spcetronieter of claim 3L wherein the alignment system further inchides an 
iiltiminator coitf5gured to shtnc hghl through the aligning tube and through the first electrode. 

33. The tnas.s spectrometer of claim 32, wherein the alignment sy^;tem funher inciudes a 
steeritig jnirror adjustable to align Ujc ionizing beam with the light on the sample. 

34. The mass spectrometer of claim 33, wherein the ionizer is a laser. 

35. Tiie mass spectrometer of claim 34, furdier ei.imprising a capacitor conftfiured to 
capaciiively couple a pulse power supply to at least one ol the sample, the f-rst electrode, and 
the second electrode. 


25 36. The mass spectrometer of claim 33, further comprising; 

a switch having a source side in commitnication with the puise power supply and a load 
side in conuntmication with the coupliitg capacdor, the switch being configured 
10 couple the pulse pow-cr supply to the cotiphng capacitor wiien the swiieh is 
closed; 

30 a bias resisir>r connected to the load side of the ssvitch and through which the puise 

power supply is connected to ground when the switch is closed; and 
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a iX>nsTarit vohage supply which is coupled, ihroiigh a constant, voltage supply isoiation 
resistor, to at least one of the sample, the ikst electrode, and the second electrode, 
the constant voltage aiipnly isolation rfsistijr beinsj; cnnftiiured to limit pulse 
povvei- supply current toward the conatanr. voltage supply, 

37, The nmss 3pcet.romersr of claim 36, furt!-!er coinprising: 

an energy storage capacitor placed across the pulse power supply: 

a shunt diode placed across the bias resistor, the shiuu diode being configured to protect 

the switcli against reverse voltages; 
a pulse power .supply isolation resistor which coiuiccts the pulse power supply and the 

ersergy storage capacitor, ar^d is configured lo limit current from the pulse power 

supply; 

a first load resistor, which couples the pulse power supply isolation resistor to the source 
side of the switch; 

a first Zeaer diode coupling the load side of the switcii to the source side of the switch: 

a second Zcner diode coupling ground to the load side of the switch; 

a second load resistor, whicli couples the load side of the switch to tiie shunt diode, bias 

resistor, and cijupiing capaciior; and 
a jnaichins: resistor, which connects tjje coupling capacitor to the mass spc-ctronieter aiid 

to the constant high voltage supply isolaiian resjstor. 


38. The mass spectrometer of claim 25, further comprising a capacitor conftguri'd to 
capacitively couple a power supply to at least one of tiK- sanipif. the first electrode, ar.d the 
secotid electrode. 

23 

39. The mass spectrometer of claim 38, further comprising a switch configured to couple the 
power supply lo the capacitor. 

40 Tne mas^ --not uoni' t,.i > 1 <.ktuu *o, lurthcE corn] iwivj a '^u-. resi^'or eou]i,iJU th^ 
30 ^\\l^v.h to j;round lud tnjouu i \-.h]c'\ die powt-r suppK i. i.onn.i,'cd u g-ou ul vMica 1il ^^Mt^ji is 
closed. 
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41 , ! lie mass spectrometer of claim 40, furtjier comprising a constant voltage supply 
configured to supply a constant voltage through a constats voltage stjppiy isolation resistor to at 
least ofie of the sample, the first electrode, and the second electrode, to which the power stippiy 

5 h capacitiveiy coupled through the capacitor. 

42. A time-of-flight masti spectrometer, compri.sing: 

(a) ion optics defusing a path for a tlovv ofions of a sample; 

(I:} :x time-of-flighi hiW- liaviii^ a longitudinal axis v,h!ch dellre.s a deflected path v,-itl-i 
10 an acute angle between the deflected path and the path of the f lov,- of ions 

tlirough the toit optics; and 
(c) an aitgnment .sy;;tem cOiifigured to facihtate alignment of an ionizing beam with trie 

ion optics. 

1 5 43. T.he n-ass syjcctrometer of claim '12, wherein the alignment system comprises :tn aligning 
tube axjaliy aligned with the path of the flow oi ions throttgb the ion optics. 

44. The n'lnss spectiomctcr ot claim 43. wherein the aligning tube is affixed t(.) the tisne-of- 
flight tube. 

20 

4'). The mass spectrumetcf nfelaim 43, vvhereui the alignment system further comptises an 
iilumitiator configured to shine fight through the aligning tube and the ton optics onto the 
sample. 

25 46, The mass specftrometer of claim 45, further comprising a steering minor adjustable to 

align the ionizing beam with the light on the sample. 

47. The mass spectrometer of claim 46. further comprising an ionizer configured to produce 
tlie ioni-zing beam, 
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48. 


The mass spectrt^itneter of ciaim 47, wherein the ionizer is a laser. 
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49, An article of manuiiKiturc. i-omprisini;: 

a) a mass specirometer; and 

b) a coupling capacitor configured to capacitiv£;!y couple a puise power supply to 

ihe mass spcciromctt.^r. 

50, The ariicie of manufacture of ciaini 49, wherein the mass specrrcimeter is a tsme~of-flight 
mass spectromst.er confjguted fot puised delayed hm txtraciioa. 

5 5 . The article of mfinuMciiirc of clajra 50, fiirihcr comprising a switch having a source side 
ii^ coirjmunication with the pul-se power supply and a load side in communication with the 
cuupling capacitor, the switch being configured to couple the pulse power supply to the 
coupling capacitor when the .sw^itch is closed. 

52. The anicle of manufacture of claim 5 i , further comprising a bias resistor conrsected to 
the load of iho switch and tf^rough vviiich {he pulse power supply is connected to proLind 
when the switch is closed. 

.5,V Tlie article of manufacture of clain^ 52, further comprising n i:.onsiant voltage supply 
w1v;ch i;^ coupled, lhrous.d-[ a c:r>nstani voltage supply isolaiion re^iistor. tu ihe mass spectrometer 
togetiier with the capacitively coupled pulse power supply, the constant voitagc supply isolation 
resistor being configured to liinil puise power supply current toward tht- constant voltage yupply, 

54. Tiie article of matUifacture of claim 53, furtlier comprising an energy storage capacitor 
placed across the pulse power supply and a slumt diode placed across the bias resi.sior, the shunt 
diode being configured to pcotc-ci llie swik:h against reverse voltage^-; in the mass spectron^eter, 

55. I ht article of manuiacturc of clDim 54. furtl-er comprising: 

a) a puise power supply isolation resistor which connects the pulse power suppl> 
and the energy storage capacitor, and is conligured to limit current froni iht- 
pulse power supply. 
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b) a first load resistoi-, which coupies the pulse power supply isolation resistor to the 

source side of the swUch; 

c) -i Cirst Ze-iicr diode eoupiitig the ksad sidi.- oi ihc swiLch to the iourc.:' side of the 

switch; 

d) ;i second Zcner diode coupiiog ground ;o the load side of the .switch; 

e) a second load rei;ii;ior, which couples the ioad side of the switch to the shunt 

diode, bias resistor, and coupling capacitor; and 
0 a matching resistor which coiinects the coiipliug capacitor to the mass 

spectrometer and to the constant high voltage supply isolation resistor. 

56. An eleciricaj circuit for delivering high voltage pulses lo a mass spectrometer 
comprising; 

a) a pulse power supply; and 

b) a co'jpiing capacitor configured to capacitively couple said pulst; puwcr supply to 

the mass spectrometer. 


:"' \ nc eiecttit^ai orcuj- of i.l un -"O, utthrt i oiupriMrg a ^wit^h hasnik, a soctlc ssde tn 
>.o;nMutn^at.or wah the pu.Si. rowci suj-pis and o kad siuc nt ck'tninunn-atioit with the 
eouphn_; canaettv.r, the switch hcir^, contigjied 'o coupie the pul < p-twci suppK to the 
20 ^oupnnij (.arucror who the ^'^ik i is cioset! 


58. The electrical circuit of claim .5 'L further contprismg a bias fcsistor connected to the ioad 
side of die switch and through vvluch the pulse puwer stippiy is couufctcd to ground when the 
sw'Uch is closed. 

59. The electrical ciicuir of clainj 58. further cuniprishig a curi;;tant voltage sappiy which is 
coupled, through a constant voltage supplv isolation resistor, to ihie rti;tss specirotneter together 
with the capacitively coupled pulse pc.iwer supply, die constant voifagc supplv isoiation resistor 
being L-onugured to iimit pulse power stjppjy current toward trie constant voltage supply. 
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60, The elecuica! circuit of claim 59, further comprising an energy storage capacitor placed 

across the pulse power suppiy rjnd n shuju diode placed acro^vs the btao rcsiator. Uie shunt diode 
being contigurcd to protect the switch i.igainst revsi-ise vr>Uages in. the mass spectromeit-r. 


61 , The electrical circuit of clairji 60, furtiier comprising: 

a) a poise power supply isolation icsistor wiiich connects the pulse power supply 

and the energy sioraee capacitor, and is configured to limit current from the 
pulse power supply; 

b) a first load resistor, which couples the pulse power supply isolation resistor to the 

source side of tlie switch; 

c) a first Zener diode coupiing the load side of the switch to the source side of the 

switch; 

d) a second Zener diode coupling ground to ihe load side of the jswilch; 

e) a second load resistor, which couples tiie load side of the switcii to the shunt 

diode, bias resistor, and coupling capacitor; and 

f) a matching resistor, whicli connects the coupling capacitor lo t.he mass 

spectrometer and to the constant high voltage supply f.soiation resistor. 
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